We propose a modification of the electroweak theory, where the fermions with the same electroweak quantum numbers are combined in multiplets and are treated as different quantum states of a single particle. The developed approach enables one to calculate the probabilities of the processes taking place in the detector at long distances from the particle source. Calculations of higher-order processes including the computation of the contributions due to radiative corrections can be performed in the framework of the perturbation theory using the regular diagram technique. As a result, we obtain the analog to the Dirac-Schwinger equation of quantum electrodynamics describing neutrino oscillations and its spin rotation in dense matter.
In paper [1] the Hilbert spaces of particle states are constructed in such a way that the neutrinos, the charged leptons and the down-and up-type quarks are combined in SU (3)-multiplets with their components being considered as different quantum states of a single particle.
The Lagrangian for the physical fermion fields in the Standard Model modified in accordance with these considerations is written as
where
is the Lagrangian of free fields and
is the interaction Lagrangian between the fermion fields, the vector boson fields W ± µ , Z µ , A µ , and the Higgs field H. Here θ W is the Weinberg angle, e = g sin θ W is the positron electric charge,
is the electric charge of the multiplet in the units of e. The value v is the vacuum expectation of the Higgs field.
Thus, this Lagrangian formally coincides with the Lagrangian of the Standard Model supplemented by right-handed neutrino singlet (see, e.g., [2] ). However, the wave functions Ψ (i) describe not the individual particles, but the multiplets as a whole 1 . So it is not necessary to introduce the mixing matrices into L int explicitly. The field functions for the fermion fields represent 12-component objects which satisfy the modified Dirac equations
In these equations M (i) are the Hermitian mass matrices of the multiplets, which can be written as
Here m
are eigenvalues of the mass matrices, which have the meaning of masses of the multiplet components (it is natural to treat m form orthonormal bases of a three-dimensional vector space over the field of complex numbers and can be obtained from the standard basis
with the help of unitary matrices
This model provides mixing of fermion generations. Moreover, in such a model the phenomenon of particle oscillations (in particular, neutrino oscillations) arises. The matrix of the mixing coefficients for quarks is an analog to the Cabibbo-Kobayashi-Maskawa (CKM) matrix
and for leptons it is an analog to the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix
Since the procedure of quantization of this model is well defined, it is possible to obtain the Dyson decomposition, which enables one to construct the perturbation theory in the interaction representation. As a consequence, we can calculate the contributions due to radiative corrections using the regular diagram technique.
Let us use this model to study neutrino interaction with matter. As it was proposed in the paper by Wolfenstein [3] , if matter density is high enough for considering neutrino interaction with the background fermions as coherent, it is possible to describe neutrino interaction with matter by an effective potential. The origin of this effective potential is forward elastic scattering of neutrinos on the fermions of the matter. In the framework of the scheme under consideration we can get the explicitly covariant description of the neutrino interaction with dense matter based on the analog to the Dirac-Schwinger equation of quantum electrodynamics (see, e.g., [4] ).
For greater clarity, consider a neutrino propagation in the environment consisting of electrons, protons and neutrons (e, p, n), assuming that the density of neutrino flux is small. Then in the lowest order of the perturbation theory only two diagrams shown in figures 1,2 contribute to the mass operator. Therefore, the analog to the Dirac-Schwinger equation for neutrino takes the form
Here D W µν (x − y) and D Z µν (x − y) are the causal Green functions of free W and Z bosons consequently. And S (i) (x, y|g) are the causal Green functions of the fermion multiplets in the real-time formalism taking into account external conditions g, i.e. the temperature and the chemical potential of the background (see, e.g., [5] , [6] , and the references cited therein).
For relatively small neutrino energies when
, where E F , T f are the Fermi energy and the temperature of the background fermions (see, e.g., [7] and the references cited therein), it is possible to use the Fermi approximation. Then
and Eq. (9) takes the form
The imaginary parts of the Green functions are, in fact, the density matrices of the fermions of the external medium, i.e. S (i) (x, x|g) ⇒ −i̺ (i) (x, x|g). After summation over the quantum numbers of the background fermions, the density matrices take the form that is well known from general considerations [8] . Assuming that now it is necessary to consider constituent parts of the medium as the components of the multiplets, we have 
determines the neutrino interaction with electrons via the charged currents, while the potential
determines the neutrino interaction with all background fermions via the neutral currents. Using these potentials we can write the effective equation, which describes neutrino oscillations in matter, in the form
